CHAPTER 6 - DETAILED ANALYSIS OF REMEDIAL ACTION ALTERNATIVES
6.0 INTRODUCTION AND SUMMARY OF ASSESSMENT

In this Chapter, the remedial alternatives that survived the initial screening in Chapter 5, are subjected
to a more detailed evaluation under the criteria specified in Rule 530(5) of the Part 201 rules (R.
299.7530(5)). The purpose of this analysis is to develop additional information about each alternative
so that an objective recommendation of an appropriate remedy can be made. The detailed evaluations of
the alternatives presented in this chapter are based on many technical assumptions. A summary of these
assumptions is provided in Appendix D. The alternatives and other information discussed in this chapter
are presented on Table 3.

As discussed below, all of the remedial alternatives reviewed in this Chapter are equally protective of the
environment. Currently, the Unit E is contaminated with a significant plume of 1,4-dioxane that has
expanded under the City of Ann Arbor. Because of the depth of the contamination and the fact that the
City’s municipal water supply relies on water drawn from the Huron River, the plume does not present an
imminent current threat to public health and safety or to the environment. All of the alternatives that are
examined involve interception or reduction in contaminant levels to acceptable levels before reaching
potential receptors. Of these equally protective alternatives, Alternative 6, Active Remediation Proximate
to Huron River, is the preferred option because it avoids the disruption of the City neighborhoods and the
uncertainty regarding the practical feasibility of the alternatives that would attempt to contain the leading
edge of the plume closer to its current location.

Each of the alternatives that attempts to contain the leading edge of the plume near its current location
would cause disruption of established neighborhoods, significant use of public and private rights-of-way
for transmission pipelines and infrastructure, traffic interruptions, construction-related safety risks to
residents, and incongruous use of property given the residential (and recreational) uses above the plume.
The City of Ann Arbor and local residents have already expressed their concern that neighborhoods and
streets not be unnecessarily interrupted. The detailed evaluation presented in this Chapter establishes that
the “leading edge” alternatives offer no environmental benefit over remedial Alternative 6, which
involves investigating the fate of the plume and, if necessary, interception, capture, treatment, and
disposal at a location near the Huron River that would involve less disruption.

Because of the current location of the leading edge of the plume, each of the “leading edge” alternatives
necessarily requires the installation of lengthy transmission pipelines. As previously discussed, the
equally lengthy construction horizon for these alternatives (after obtaining necessary access) and the
continued migration of the plume calls into question the practical feasibility of these alternatives. Ata
minimum, the goal of capturing the leading edge of the plume would be compromised because the
recovery wells would have to be placed well downgradient of the current leading edge to ensure that
capture could be still achieved when the infrastructure became available.

From a cost standpoint, monitored attenuation with institutional controls (remedial Alternative 2) is the
least costly alternative. PLS, however, does not believe that this alternative adequately addresses political
and societal concerns and it is not favored for this reason. All of the other options are extremely costly.
Based on current dollars, the selected Alternative 6 is the most expensive option, but is in the same order
of magnitude as the other alternatives. This alternative has the advantage, however, of avoiding the
disruptions associated with the other active remediation alternatives, while providing the same level of
protection.
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6.1

CRITERIA FOR ANALYSIS

Rule 530(5) of the Part 201 rules (R. 299.7530(5)) lists nine factors to be used for the detailed evaluation
of remedial alternatives. These factors are:

1.

Assessment of the effectiveness of the alternative in protecting the public health, safety, and
welfare and the environment and in responding to the remedy selection factors identified in R
299.5601 and R 299.5603.

Refinement and specification of alternatives in detail.

Detailed cost estimation, including operation and maintenance costs, over time, of implementing
the final remedy.

Evaluation of engineering implementation, reliability, and constructability.
Evaluation of technical feasibility

Analysis of whether recycling, reuse, waste minimization, waste biodegradation, waste
destruction, or other advanced, innovative, or alternative technologies are appropriate.

An analysis of any adverse environmental impacts, methods of mitigation, and costs of
mitigation, including those adverse impacts, which may result from, planned demolition
activities.

Analysis of the risks and impacts remaining after implementation of the remedy.
Analysis of the extent to which the alternative attains a degree of cleanup or control of hazardous

substances that complies with legally applicable or relevant and appropriate requirements, rules,
criteria, limitations, and standards of state and federal environmental law.

In addition, as required by the first factor, the evaluation will also consider the selection factors identified
in R 299.5601 and R 299.5603. Although some of these factors are similar to those listed in Rule 530,
they are all listed below for completeness:

1.

The effectiveness of alternatives in protecting the public health, safety, and welfare and the
environment.

The long-term uncertainties associated with the proposed remedial action.

The persistence, toxicity, mobility, and propensity to bioaccumulate of the hazardous substances.
The short and long-term potential for adverse health effects from human exposure.

Costs of remedial action, including long-term maintenance costs.

Reliability of the alternatives.

The potential for future remedial action costs if an alternative fails.
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8. The potential threat to human health, safety, and welfare and the environment associated with
excavation, transportation, and redisposal or containment.

9. The ability to monitor remedial performance.

10. For remedial actions that require the opportunity for public comment under section 20120d of the
act, the public’s perspective about the extent to which the proposed remedial action effectively
addresses requirements specified in Part 201 and the Part 201 rules.

6.2 DETAILED ANALYSIS OF ALTERNATIVES

Eight alternatives survived the screening process. The alternatives are evaluated in detail, as required by
Rule 530 in the subsections that follow. The remainder of this section discusses those Rule 530 factors
that have been judged to be equivalent for the eight surviving alternatives.

6.2.1 Evaluation of Common Criteria

The evaluation of each of the alternatives is equivalent for a number of the criteria. In order to avoid
unnecessary repetition within the discussion of the individual alternatives, the evaluation under these
criteria is summarized below:

Assessment Of The Effectiveness Of The Alternative In Protecting The Public Health, Safety, And
The Environment

Currently, the Unit E is contaminated with a significant plume of 1,4-dioxane that has expanded under the
City of Ann Arbor. Because of the depth of the contamination and the fact that the City relies on
municipal water drawn from the Huron River, the plume does not present an imminent current threat to
public health and safety or to the environment.

All of the alternatives that were examined involve interception or reduction in contaminant levels to
acceptable levels before reaching potential receptors. The only differences between alternatives from this
standpoint do not appear to be material. The “leading edge” alternatives (all but 2 and 6) would attempt
to prevent expansion of areas of contamination above drinking water criterion. Alternative 2 would not,
by design, contain the plume at all, while Alternative 6 would contain the plume as necessary prior to any
potential impact on downgradient receptors. These distinctions make little or no practical difference in
terms of protection of public health and the environment. Under any alternative, no one would actually
be consuming groundwater contaminated with 1,4-dioxane. Over time roughly the same area of Unit E
would contain detectable levels of 1,4-dioxane (no matter which alternative is selected) because, by
design, even the “leading edge” alternatives do not capture all of the 1,4-dioxane. Finally, it is not
possible to quantify the difference in area inside a “leading edge” containment alternative versus
alternatives 2 and 6. This is because all of the leading edge alternatives are subject to significant
uncertainty (in timeliness) because of access and other practical implementation issues. At a minimum,
the goal of capturing the leading edge of the plume near its current location would be compromised
because the recovery wells would have to be placed well downgradient of the current leading edge to
ensure that capture could be still achieved when the infrastructure became available.

Alternative 2 and Alternative 6 would allow the plume (as defined by concentrations above 85 ppb of
1,4-dioxane) to migrate within the Unit E beyond the current estimated contours. This movement,
however, does not itself have a different impact on the public health and safety or the environment. Both
alternatives protect downgradient receptors. In addition, under all of the options, the termination criteria
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are the same and the flow paths for any residual 1,4-dioxane (<85 ppb) would be the same, even under the
“leading edge” options considered below.

Analysis Of Whether Recycling, Reuse, Waste Minimization, Waste Biodegradation, Waste
Destruction, Or Other Advanced, Innovative, Or Alternative Technologies Are Appropriate

Recycling and reuse would require collection of 1,4-dioxane, dissolved in groundwater at part per billion
levels. The miscibility of the contaminant with water and the large volume of water that must be
processed each minute to control the Unit E plume make recycling 1,4-dioxane impossible. Chemical
oxidation to destroy the contaminant is the only practical means for handling the contaminant.

Ex-situ treatment raises the possibility that groundwater, once it has been treated to remove 1,4-dioxane,
could be consumed as either drinking water or process water. At this time PLS does not consider reuse of
water after treatment to be viable because the primary customer for consumption of the water (the City of
Ann Arbor) does not need the water supply and may justifiably reject it as presenting an unnecessary and
unacceptable risk for its customers. No significant industrial consumer of water has been identified in
proximity to Unit E. Accordingly, there does not appear to be any realistic opportunity at this time to
recycle or reuse (as opposed to discharge) treated groundwater and this factor will not be discussed under
the individual alternatives analyses.

Analysis Of The Risks And Impacts Remaining After Implementation Of The Remedy

The risks posed by the Unit E contamination are very low at this point in time. In general, greater risks
are generated by construction and operations of the remedial systems than by the presence and continued
migration of 1,4-dioxane in Unit E. The risks presented by the construction and implementation that are
common to the surviving alternatives (except for monitored attenuation) are summarized below:

Construction — Construction of recovery and injection wells, pipelines, and treatment facilities employs
traditional civil and mechanical engineering practices and contractor methods. Though the scope of
design and construction will differ among alternatives, the relative reliability of the practices and methods
will reduce risks and impacts to levels that are essentially equivalent.

Operations — Monitoring and/or operations of the remedial systems will not pose significantly different
risks or impacts because automatic and manual control systems will be interlocked with critical function
or parameter sensors. This will reduce the probability and duration of system upsets to essentially
equivalent probabilities among active alternatives.

Post-operations — Each alternative will operate until 1,4-dioxane concentrations in the targeted portion of
Unit E have been reduced to or below 85 ppb. Therefore, the risks and impacts remaining after the post-
operations period do not differ materially among the alternatives.

6.2.2 Detailed Evaluation of Individual Alternatives

Based on the above unified comparison of alternatives to Rule 530 criteria, the remedial alternatives will
be evaluated in detail with respect to four criteria below.

1. Detailed cost estimation, including operation and maintenance costs
2. Engineering implementation, reliability, and constructability

3. Technical feasibility
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4. Adverse environmental impacts of remediation, including methods and costs of mitigation
5. Protection of public welfare and the public’s perspective
6.2.2.1 Alternative 2 - Monitored Natural Attenuation and Institutional Controls

Alternative 2 would include monitoring of groundwater conditions and contaminant movement while
controlling potential exposure risks through either restrictive covenants or a local ordinance.

Changes in contaminant levels in the groundwater would be monitored by periodic sampling of
groundwater from monitoring wells. Samples would be analyzed for 1,4-dioxane and selected monitored
natural attenuation (MNA) parameters. It is expected that with the passage of time, the concentration of
1,4-dioxane in the Unit E will fall below the applicable standards.

The components of this alternative include: (1) initial hydrogeological investigations to determine the fate
of 1,4-dioxane in the Unit E plume, (2) installation of a monitoring well network, (3) long-term
monitoring of the contaminant in Unit E, and (4) development and implementation of institutional
controls to control exposure consistent with Part 201.

Detailed Cost Estimation, Including Operation And Maintenance Costs: Costs for monitored natural
attenuation are presented in Table 4 and detailed in Appendix E. Alternative 2 is estimated to be the least
costly, longest duration alternative. ‘

Engineering Implementation, Reliability, And Constructability:

Implementation — Implementation of the hydrogeological investigation and monitoring well network will
require access to appropriate parcels of land. The difficulty of obtaining access is not known at this time.
Institutional controls will require either restrictive covenants (restricting groundwater use) for each
property owner proximate to the Unit E, or the passage by the City of Ann Arbor of an ordinance
restricting groundwater use consistent with Section 20120b(5) of Part 201. Due to the large number of
potentially affected properties, obtaining restrictive covenants from each property owner would be
complicated and difficult and may not be possible without cooperation of a large number of individuals.
The City of Ann Arbor has discretion as to whether to adopt and ordinance and is entitled to exercise that
discretion in a manner it deems appropriate. At a minimum such an ordinance will be subject to
extensive public scrutiny and possibly hearings prior to action, with no certainty as to the result.

Reliability — Natural processes attenuate 1,4-dioxane under Alternative 2. These are self-sustaining and,
therefore, extremely reliable, though potentially slow.

Constructability — Constructing monitoring wells is an established process. Access to monitoring well
sites for installation may present challenges, depending on the property owners. In the past, PLS has been
able to obtain access for this type of project.

Technical Feasibility: .Long-term access to and maintenance (and replacement) of monitoring wells
presents a moderate challenge that should be resolved with access to the well location for construction.

Adverse Environmental Impacts Of Remediation, Including Methods And Costs Of Mitigation:
This alternative does not create potentially significant adverse impacts during remediation. Migration of
the plume under this scenario does not increase risks because the risks are controlled through institutional
controls.
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Protection Of Public Welfare And Public Perspective: This alternative involves a temporary
disruption of neighborhoods due to the need to install monitoring wells for investigation and long-term
monitoring. Use of public right-of-way can minimize infringement on private property. The impact on
public welfare in comparison to other alternatives appears to be minimal.

From a political and societal standpoint, groundwater remedies that rely on institutional controls are
controversial and tend to be viewed as “not as good” as pro-active remedies. One of the objectives of the
Feasibility Study is to describe the alternatives more fully so that a more informed public opinion can
form over whether an alternative is, in fact, “as good” overall as another. It is currently not known
whether there will be sufficient public support to implement this option. The possibility that a consensus
around this remedy may fail due to political and societal concerns is deemed by PLS to be high. This
alternative cannot be implemented without adequate public support.

6.2.2.2 Alternatives 3a, 3¢ and 3e - Groundwater Pumping - Pipeline to and Treatment at Wagner
Road

Three alternatives (3a, 3¢, and 3e) survive in this group. All three share the following common
characteristics:

e recovery of groundwater from multiple vertical wells,

* transmission of recovered water through individual pipelines, which combine with others up
stream of a new pipeline,

e transmission of the total flow of all individual wells through the new pipeline to the PLS facility,

* chemical oxidation of 1,4-dioxane without production of by-products at concentrations that pose
- risks, and

e disposal of treated water.
Figures 6, 7, and 8 show the general layout of Alternatives 3a, 3¢, and 3e, respectively.

Alternative 3a - Pipeline to Wagner Road facility where treated groundwater would be transmitted
through a new pipeline to the Huron River for disposal under an NPDES permit.

Detailed Cost Estimation, Including Operation And Maintenance Costs: Costs for ozone and
hydrogen peroxide treatment followed by discharge to the Huron River are presented in Table 5 and
detailed in Appendix E. Costs for UV/Hydrogen peroxide treatment followed by discharge to the Huron
River are presented in Table 6 and detailed in Appendix E. Alternative 3a is ranked as the sixth least
expensive alternative.

Engineering Implementation, Reliability, And Constructability:

Implementation — Design, construction, and operations of water recovery, treatment, and disposal systems
would utilize well-tested engineering and construction techniques and methods. In addition, PLS staff
has extensive experience and expertise in ex-situ treatment of contaminated groundwater, including the
receipt, storage, and transmission of hydrogen peroxide. As a result, start-up and operation of the
treatment system should proceed quickly and uneventfully.
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Also, the discharge of treated water into the Huron River will have to be done pursuant to a new NPDES
permit. This involves an application, draft permit, public comment, final permit, followed by the '
possibility of a contested case. It is possible that implementation could be delayed until all permit issues
and appeals are resolved. Based on PLS’ experience with its NPDES permit for discharge into Honey
Creek, the possibility of permit issues creating implementation problems is considered to be moderate.

Reliability — Pilot testing indicated that a combination of ozone and hydrogen peroxide can destroy 1,4-
dioxane during the time available for ex-situ treatment during high-volume groundwater pumping to
control the plume. The technology is suitable to the contaminant and the planned groundwater pumping
rate. PLS intends to phase-in this technology at the PLS facility for existing discharges to Honey Creek.
Bromate formation can be an issue with the use of 0zone and hydrogen peroxide, but is expected to be
manageable to meet anticipated NPDES permit conditions. If ozone-hydrogen peroxide is not acceptable,
UV/hydrogen peroxide can be used, although it is significantly more expensive. This is the technology
currently in use at the PLS facility under its current NPDES permit.

Groundwater recovery wells and pumps, pipelines, and ex-situ treatment vessels have been shown to be
reliable during the chemical oxidation remediation of shallower 1,4-dioxane contaminated aquifers.
Periodic inspection and cleaning of wells, pumps, and pipelines will maintain the mechanical efficiency
of the system.

Ozone and hydrogen peroxide are energetic and reliably degrade 1,4-dioxane when applied in sufficient
quantity. To assure the latter, 1,4-dioxane in the recovered groundwater will be measured periodically
and the treatment system operating conditions changed as needed.

Constructability — This option presents difficult constructability problems.

The most significant constructability concern is access to public and private property for the construction
of transmission pipelines for untreated water (from purge wells to PLS) and treated water (to the Huron
River). The length of the pipelines involved means that a large number of third parties will have an
interest in the project, any one or more of whom may raise challenges to the use of his or her property by
PLS for the pipelines. Although access is always an unknown for all of the options, those that involve
significant transmission pipelines, such as this option, are considered to be more problematic because the
scope of the access question increases dramatically. Under this alternative, access would have to be
obtained from at least three governmental units as well as private landowners.

The law governing access to private property for the purpose of installing transmission pipelines is
untested and resort to the courts in any event creates a significant uncertainty in the outcome. Until
access is obtained, pipelines cannot be constructed. Until pipelines can be constructed, the plume cannot
be captured. While the plume continues to move, capture using this option becomes a “moving target.”
Accordingly, constructability concerns for this option are heightened and are considered high.

As discussed above, the construction of water recovery, treatment, and disposal systems would use
proven engineering and construction methods, and does not present heightened concerns.

A treatment facility, including hydrogen peroxide storage and ozone generation systems, as well as ex-
situ treatment chambers will be built at the PLS Wagner Road facility. Ample area and utilities are
available at this location.

Technical Feasibility: This option raises some concerns regarding technical feasibility. From an
engineering standpoint, the longer the pipelines, the more problematic it becomes to assure that the
system is adequately pressurized and protected. In general, pipelines are most efficient and reliable when
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their length and the horsepower of pumps can be minimized. This option involves an estimated 33,748
linear feet of pipeline carrying untreated or treated groundwater. While it is feasible to design such a
pipeline, the requirements that private and/or public right of way owners may demand to assure safety are
undetermined. Based on past experience (with transmission lines in Evergreen and the horizontal well)
the question of the safety of any design will be raised and may be an obstacle to timely installation of an
acceptable system.

The time needed to obtain access and construct the pipelines also raises a technical concern. This
alternative attempts to capture the leading edge of the plume near its current location. The leading edge
changes with time. The amount of time needed for development, comment and approval of a design and
layout, for securing access, for road closures and construction, is undetermined. Comparable municipal
utility projects (storm and sewer reconstruction, for example) have taken a year or more, even without the
disputes regarding access and design safety that can be anticipated during this project. During the
undetermined time it will take to accomplish these tasks the plume will continue to move. Movement of
the plume may render the design obsolete (causing the need for realignment) and may cause additional
delay in addressing the contamination. PLS considers the likelihood of this concern arising to be high.

As for the treatment aspects of this option, pilot testing indicated that a combination of ozone and
hydrogen peroxide can destroy 1,4-dioxane during the time available for ex-situ treatment during high-
volume groundwater pumping to control the plume. The technology is suitable to the contaminant and
the planned groundwater pumping rate. PLS intends to phase-in this technology at the PLS facility for
existing discharges to Honey Creek

Adverse Environmental Impacts Of Remediation, Including Methods And Costs Of Mitigation:
The potential adverse impacts of alternative 3a are leaks or accidents during receipt and storage of
hydrogen peroxide, generation of oxygen and ozone, transmission and use of both oxidants, and
transmission of treated and untreated water via long large diameter underground pipelines. However,
these risks are not deemed to be unacceptable because the transmission and storage of such materials in
other contexts is routine. Leaks of untreated groundwater are not of concern because of the relatively low
levels of dissolved 1,4-dioxane and its relatively high clean-up goals for most exposure pathways.
Treated water, prior to discharge to the Huron River, does not pose any significant potential risks, other
than erosion due to unlikely, large-volume, pipeline leaks. While PLS does not view leakage from the
pipelines as a significant risk, this issue has been raised in the past and has caused significant dispute with
respect to transmission pipelines elsewhere in the project area. This concem is discussed above in the
sections on Constructability and Technical Feasibility.

This option will require an NPDES permit for the discharge. The NPDES permit will account for
environmental impacts on the Huron River in accordance with state and federal law. The discharge point
is expected to be downstream of drinking water intakes and is not expected to raise any new issues.

Monitoring of the treatment building interior and periodic inspection and repair of the remedial equipment
and pipelines are low-cost efforts well suited to control of these potential impacts.

Protection Of Public Welfare And Public Perspective: This alternative involves significant disruption
of public and private use of property along the length of the pipelines during construction, with some
minor subsequent disruption for operation and maintenance. Use of public right-of-way can minimize
infringement on private property, although street and lane closings may still be necessary during the
installation of the pipelines. The impact on public welfare in comparison to other alternatives appears to
be significant.
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During previous public meetings, concerns about disruption for installation of infrastructure were
expressed, albeit in the context of interim response proposals. Public perception of whether the disruption
caused by this option when weighed with the benefits of this and other options is not known, but is
expected to be a concern. This concern is particularly relevant under this option given the length of the
pipelines and number of persons potentially affected.

Alternative 3¢ ~ Pipeline to PLS facility for treatment, where treated water would be injected into the
Unit E through multiple new wells at locations where 1,4-dioxane levels are less than 85 ppb, but greater
than 1 ppb.

Detailed Cost Estimation, Including Operation And Maintenance Costs: Costs for ozone and
hydrogen peroxide treatment followed by discharge to the Huron River are presented in Table 7 and
detailed in Appendix E. Costs for UV/Hydrogen peroxide treatment followed by discharge to the Huron
River are presented in Table 8 and detailed in Appendix E. This alternative is ranked as the fifth least
expensive option.

Engineering Implementation, Reliability, And Constructability:

Implementation — Alternative 3¢ differs only slightly from 3a. The difference is the use of multiple
injection wells rather than a pipeline and outfall to the Huron River for treated water disposal. Injection
wells require maintenance, especially to assure long-term reliability, and may have to be rehabilitated or
replaced from time to time. This is not considered to be a significant implementation concern.

Groundwater discharge will have to be authorized by MDEQ. Although it is expected that certain
technical issues may be raised (see below), groundwater discharge is expected to be less controversial
than surface water discharge, particularly in this case where Unit E has already been impacted.

Reliability — Alternative 3¢ utilizes the same system components as 3a with one exception. Treated
groundwater will be injected into Unit E through multiple injection wells rather than piped to the Huron
River. The injection wells and small-diameter pipelines to each should be as reliable as the Huron River
discharge if they are maintained, as described above. The ex-situ destruction of 1,4-dioxane will be
managed in the same manner as described in 3a.

Constructability — For the reasons discussed in connection with Alternative 3a, construction of a
transmission pipeline for untreated water is expected to raise constructability issues. Fewer property
owners, however, would be involved because only one leg of pipeline (from leading edge to PLS) will be
constructed. Because of the length of the transmission pipeline, the number of property owners involved,
public concerns about safety and reliability, and uncertainty regarding timing (as explained above), this is
considered to be a major concern for this option.

As discussed above, the construction of water recovery, treatment, and disposal systems would use
proven engineering and construction methods.

A treatment facility, to house hydrogen peroxide storage vessels, ozone generation systems, and ex-situ
treatment chambers will be built at the PLS Wagner Road facility. Ample area and utilities are available.

Technical Feasibility: In addition to the shared issues associated with constructing pipeline from the
extraction wells back to the PLS facility, the defining challenge associated with this alternative is locating
a sufficient number of injection wells that are able to accept the necessary volume of water and do so
without disruption of containment or other remedial objectives. Injection well locations must be carefully
chosen to minimize dilution and, more importantly, deflection of the plume, both of which would reduce
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the effectiveness and efficiency of the plume and extend the remediation. In addition, injecting the same
amount of water into the plume as extracted will make capturing the plume difficult. A compensating
potential benefit of this alternative is that the injection wells would likely be placed on PLS property, thus
making the construction of injection wells and pipelines from the treatment center simpler than
alternatives where wells would be installed off site.

No NPDES permit will be required, although permission from MDEQ to discharge to groundwater will
be necessary. Technical concerns over whether such permission will be granted are considered
comparable to the issuance of an NPDES permit. Bromate formation can be an issue with the use of
ozone and hydrogen peroxide, but is expected to be manageable to meet anticipated regulatory
requirements. If ozone-hydrogen peroxide is not acceptable, UV-peroxide can be used, although it is
significantly more expensive.

Adverse Environmental Impacts Of Remediation, Including Methods And Costs Of Mitigation:
See analysis for Alternative 3a. The only difference is that there will need to be MDEQ approval of a
groundwater discharge for this alternative instead of the NPDES permit required for Alternative 3a. This
approval will resolve questions regarding adverse environmental impacts of injection of treated
groundwater.

Protection Of Public Welfare And Public Perspective: This alternative involves significant disruption
of public and private use of property along the length of the pipelines during construction, with some
minor subsequent disruption for operation an maintenance. Use of public right-of-way can minimize
infringement on private property, although street and lane closings may still be necessary during the
installation of the pipelines. The impact on public welfare in comparison to other alternatives appears to
be significant, although it may be slightly less than for Alternative 3a due to the fact that the pipeline to
the Huron River will not be needed.

During public meetings on interim response proposals, concerns about disruption for instailation of
infrastructure were expressed although in the context of the lack of an overall plan. Public perception of
~ whether the disruption caused by this option when weighed with the benefits of this and other options is
not known, but is expected to be a concern.

Alternative 3e — Pipeline to PLS facility for treatment to be followed by discharge to Honey Creek under
an amended NPDES permit.

Detailed Cost Estimation, Including Operation And Maintenance Costs: Costs for ozone and
hydrogen peroxide treatment followed by discharge to the Honey Creek (Alternative 3e-1) are presented
in Table 9 and detailed in Appendix E. Costs for UV/Hydrogen Peroxide treatment followed by discharge
to the Honey Creek (Alternative 3e-2) are presented in Table 10 and detailed in Appendix E. Alternative
3e is estimated to be the third least costly alternative.

Engineering Implementation, Reliability, And Constructability:

Implementation - Design, construction, and operations of water recovery, treatment, and disposal systems
would utilize well-tested engineering and construction techniques and methods. In addition, PLS staff
has extensive experience and expertise in ex-situ treatment of contaminated groundwater, including the
receipt, storage, and transmission of hydrogen peroxide. As a result, start-up and operation of the
treatment system should proceed quickly and uneventfully.
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PLS’ current NPDES permit would also have to be amended to authorize the discharge of treated water
into the Honey Creek. Based on PLS’ experience with its current NPDES permit, the possibility of
permit issues creating implementation problems is considered to be high.

Reliability - Pilot testing indicated that a combination of ozone and hydrogen peroxide can destroy 1,4-
dioxane during the time available for ex-situ treatment during high-volume groundwater pumping to
control the plume. The technology is suitable to the contaminant and the planned groundwater pumping
rate. PLS intends to phase-in this technology at the PLS facility for existing discharges to Honey Creek.
Bromate formation can be an issue with the use of ozone and hydrogen peroxide, but is expected to be
manageable to meet anticipated NDPES permit conditions. If ozone-hydrogen peroxide is not acceptable,
UV-peroxide can be used, although it is significantly more expensive. This is the technology currently in
use at the PLS facility under its current NPDES permit.

Groundwater recovery wells and pumps, pipelines, and ex-situ treatment vessels have been shown to be
reliable during the chemical oxidation remediation of shallower 1,4-dioxane contaminated aquifers.
Periodic inspection and cleaning of wells, pumps, and pipelines will maintain the mechanical efficiency
of the system.

Ozone and hydrogen peroxide are energetic and reliably degrade 1,4-dioxane when applied in sufficient
quantity. To assure the latter, 1,4-dioxane in the recovered groundwater will be measured periodically
and the treatment system operating conditions changed as needed.

Constructability — This option presents difficult constructability problems.

The most significant constructability concern is access to public and private property for the construction
of transmission pipelines for untreated water (from purge wells to PLS). These considerations are the
same as for Alternative 3a, although the concern is somewhat lessened because the pipeline to the Huron
River is not needed.

Technical Feasibility: Except as provided below, this alternative raises the same concerns as described
for Alternative 3a.

In addition, this alternative will require an amendment to PLS’ current NPDES permit for the discharge.
The NPDES permit will account for environmental impacts on the Honey Creek. PLS has had a series of
permits for its current discharges to that watercourse and intervernors have consistently raised technical
and legal issues about the discharge. Based on past expenence the likelihood of a permit contest raising
technical issues is high.

Protection Of Public Welfare And Public Perspective: This alternative involves significant disruption
of public and private use of property along the length of the pipelines during construction, with some
minor disruption thereafter for operation and maintenance. Use of public right-of-way can minimize
infringement on private property, although street and lane closings may still be necessary during the
installation of the pipelines. The impact on public welfare in comparison to other alternatives appears to
be high. In addition, discharge to Honey Creek has been the source of significant public concern (and
opposition). This alternative can be expected to engender significant public debate.

6.2.2.3 Alternatives 4a & c - Groundwater Pumping — Treatment near Maple Road

Two alternatives in this group remain. Both of these alternatives share:
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* recovery of groundwater from multiple vertical wells,

¢ transmission of recovered water through individual pipelines, which combine with others or
proceed directly to a water treatment compound built on PLS-owned or PLS-leased property at or
near Maple Road,

® chemical oxidation of 1,4-dioxane without production of by-products at concentrations that pose
risks, and

e disposal of treated water.
Figures 9and 10 show the general layout of Alternatives 4a and 4c, respectively.

Alternative 4a — Treatment at a location near Maple Road, followed by transmission through a new
pipeline to the Huron River for disposal under an NPDES permit.

Detailed Cost Estimation, Including Operation And Maintenance Costs: Alternative 4a is ranked as
the fourth least costly alternative. Its preliminary scope and cost estimate are in Table 11 and detailed in
Appendix E.

Engineering Implementation, Reliability, And Constructability:

Implementation — Alternative 4a differs from 3a only in the elimination of the pipeline from Maple Road
to the PLS Wagner Road facility and the path of the discharge pipeline to the Huron River. Therefore, the
design, construction, and operations of water recovery, treatment, and disposal systems used would be the
same well-tested engineering and construction techniques and methods. As a result, construction, start-
up, and operations of the treatment system would proceed uneventfully.

Liability insurance for chemical oxidation treatment of groundwater in a residential and commercial
neighborhood rather than at the Wagner Road facility may be a significant cost.

Reliability — Groundwater recovery wells and pumps, pipelines, and ex-situ treatment vessels have been
shown to be reliable during the chemical oxidation remediation shallower 1,4-dioxane contaminated
aquifers, as discussed in Alternative 3a. Periodic inspection, cleaning, and repair of the remedial system
components would maintain the performance of the overall system.

Hydrogen peroxide and ozone can reliably degrade dissolved 1,4-dioxane in recovered groundwater.
Periodic monitoring and adjustment of the system would maintain destruction performance.

Constructability — As discussed in 3a above, the construction of water recovery, treatment, and disposal
systems would use proven engineering and construction methods. The ex-situ oxidation treatment
equipment could be modified to optimize performance, as has the Unit C and D system from time to time.

A treatment facility will be built on property near Maple Road, owned or leased by PLS. Area and utility
service may be limited at this location.

Access to public and private property for construction and maintenance of remedial systems and
structures would be important. Recovery well locations would be those specified in alternatives 3a, 3¢,
4c, or 5; therefore, access would be no more or less difficult to secure. Overall, access for Alternative 4a
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is anticipated to be less difficult to secure than for Alternative 3a, due to elimination of the pipeline to the
Wagner Road facility.

Technical Feasibility: See Alternative 3a.

Adverse Environmental Impacts Of Remediation, Including Methods And Costs Of Mitigation — As
for the other active remedial alternatives, the most significant potential adverse impacts of 4a include
leaks or accidents during receipt and storage of hydrogen peroxide, generation of oxygen and ozone, and
transmission and use of both oxidants. Leaks of untreated groundwater are again # lesser concern because
of the relatively low levels of dissolved 1,4-dioxane and its relatively high clean-up goals for most
exposure pathways. Treated water transmission and discharge does not pose any significant potential
risks, other than erosion due to large-volume leaks.

Monitoring of the treatment building interior and periodic inspection and repair of the remedial equipment
are low-cost efforts well suited to control of these potential impacts.

Protection Of Public Welfare And Public Perspective: This alternative involves significant disruption
of public and private use of property along the length of transmission pipelines to Maple Road and then to
the Huron River during construction, with some minor subsequent disruption for operation and
maintenance. Use of public right-of-way can minimize infringement on private property, although street
and lane closings may still be necessary during the installation of the pipelines. The treatment system
would have to be installed in either a retail area bordering residential neighborhoods and Veterans Park,
in Veterans Park itself, or in the surrounding neighborhoods. This is not consistent with current land uses
and may raise public objection and legal challenges (for zoning or other public safety reasons).

The impact on public welfare in comparison to other alternatives appears to be significant.

During public meetings on interim response proposals, concerns about disruption for installation of
infrastructure were expressed, although in the context of the lack of an overall plan. Public perception of
whether the disruption caused by this option is acceptable when weighed against the benefits of this and
other options is not known, but is expected to be a concern. For this option, the length of the pipelines
and number of affected persons heightens this concern.

Alternative 4c — Ozone and hydrogen peroxide treatment followed by injection into Unit E through
multiple new wells at locations where 1,4-dioxane levels are less than 85 ppb but exceed 1 microgram per
liter under a Part 22 permit.

Detailed Cost Estimation, Including Operation And Maintenance Costs: Scope and costs for
Alternative 4c are detailed in Appendix E and summarized in Table 12. Alternative 4c is ranked as the
seventh least costly alternative.

Engineering Implementation, Reliability, And Constructability:

Implementation — Alternative 4c¢ differs from 4a in the elimination of the pipeline from Maple Road to the
Huron River. The design, construction, and operations of water recovery, treatment, and disposal systems
used would again use well-tested engineering and construction techniques and methods. As a result,
construction, start-up, and operations of the treatment system is anticipated to be uneventful.

Liability insurance for chemical oxidation treatment of groundwater in a residential and commercial
neighborhood may be a significant cost.
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Reliability — Groundwater recovery wells and pumps, pipelines, and ex-situ treatment vessels have been
shown to be reliable during the chemical oxidation remediation of Units C and D, as discussed above.
Periodic inspection, cleaning, and repair of the remedial system components would be required but easily
accomplished.

Hydrogen peroxide and ozone would reliably degrade dissolved 1,4-dioxane if the system were
periodically monitored and adjusted.

Constructability — As discussed above, the construction of water recovery, treatment, and disposal
systems would use proven engineering and construction methods. The ex-situ oxidation treatment
equipment could be modified on-site to optimize performance, as has the present Unit C&D ex-situ
oxidation units.

A treatment facility will be built near Maple Road, on property owned or leased by PLS. The availability
of area and utility service may be limited at this location.

Access to public and private property would remain critical for construction and maintenance of remedial
systems and structures. Access for Alternative 4c is anticipated to be less difficult to secure than for
Alternative 3c, due to elimination of the pipeline to the Wagner Road facility.

Technical Feasibility: The defining challenge associated with this alternative is locating a sufficient
number of injection wells that are able to accept the necessary volume of water and do so without
disruption of containment or other remedial objectives. Injection well locations must be carefully chosen
to minimize dilution and, more importantly, deflection of the plume, both of which would reduce the
effectiveness and efficiency of the plume and extend the remediation. In addition, injecting the same
amount of water into the plume as extracted will make capturing the plume difficult, particularly under
this alternative because of the proximity of the extraction and injection wells.

No NPDES permit will be required, although permission from MDEQ to discharge to groundwater will
be necessary. Technical concerns over whether such permission will be granted are considered
comparable to the issuance of an NPDES permit. Bromate formation can be an issue with the use of
ozone and hydrogen peroxide, but is expected to be manageable to meet anticipated regulatory
requirements. Unlike Alternative 3¢, UV/hydrogen peroxide technology is not available at this location if
the ozone-hydrogen peroxide technology does not prove feasible.

Adverse Environmental Impacts Of Remediation, Including Methods And Costs Of Mitigation: As
for the other active remedial alternatives, the most significant potential adverse impacts of 4c¢ include
leaks or accidental releases of hydrogen peroxide, oxygen, and ozone. Untreated groundwater leaks are
of less concern because of the low levels of dissolved 1,4-dioxane and its relatively high clean-up goals.
Treated water transmission and discharge does not pose any significant potential risks, other than erosion
or flooding due to pipeline leaks, which would be expected to be smaller than for a single discharge line
to the Huron River.

Monitoring of the treatment building and inspection and repair of the remedial equipment are low-cost
and effective control methods for these potential impacts.

Protection Of Public Welfare And Public Perspective: This alternative involves some disruption of
public and private use of property along the length of the pipelines connecting extraction and treatment
and injection points during construction, with some minor subsequent disruption for operation an
maintenance. If injection wells can be installed on retail property, concerns about inappropriate
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infrastructure in neighborhoods or in Veterans Park may be mitigated somewhat. However, the treatment
system would have to be installed in either a retail area bordering residential neighborhoods, in Veterans
Park, or in the surrounding neighborhoods. This is not consistent with current land uses and may raise
public objection and legal challenges (for zoning or other public safety reasons).

During previous public meetings, concerns about disruption for installation of infrastructure were
expressed albeit in the context of interim response proposals. Public perception of whether the disruption
caused by this option when weighed with the benefits of this and other options is not known, but is
expected to be a concern.

The impact on public welfare in comparison to other alternatives appears to be significant, primarily
because of the need to locate treatment and injection facilities in areas used for retail, residential or
recreational uses.

6.2.2.4 Alternative 5 - Groundwater Pumping — Injection into Deep Formation

Purged groundwater would be conveyed to PLS’ Wagner Road facility and then injected, without
treatment, into a deep well located at the PLS Wagner Road facility.

Detailed Cost Estimation, Including Operation And Maintenance Costs: Alternative 5 scope and
costs are presented in Table 13 and detailed in Appendix E. Alternative 5 is estimated to be the second
- least costly remedial alternative.

Engineering Implementation, Reliability, And Constructability:

Implementation — From an engineering standpoint, the design, construction, and operation of water
recovery, treatment, and deep disposal well systems would involve well-tested engineering and
construction techniques and methods. Such wells are commonly used in Michigan and others have been
permitted for the Mt. Simon formation, including one such well formerly located at the PLS facility.
Assuming that adequate capacity exists to accept the expected volumes of water, there do not appear to be
any engineering issues that would disrupt implementation.

The well would have to be permitted under the federal UIC program, which involves preparation of an
application, study of the formation, public comment, and the issuance by USEPA of an enforceable
permit. Commercial UIC well permits, which would allow the permit holder to accept liquid waste from
other enterprises, have been controversial. Permits for disposal of the permit holder’s wastewaters,
however, have been far less contentious. In this case, the untreated groundwater would be non-hazardous
liquid waste that, with the exception of 1,4-dioxane, would not contain any hazardous substances above
non-background levels. PLS does not anticipate significant implementation issues raised by the permit
process.

Reliability — Groundwater recovery wells, pumps, and pipelines have been shown to be reliable during the
remediation of shallower 1,4-dioxane contaminated aquifers. Deep injection well construction methods
and pumps able to inject into deep formation have been available and in use for decades. All components
would perform well if inspected and cleaned periodically.

Constructability — As discussed above, the construction of water recovery, treatment, and disposal
systems would use proven engineering and construction methods.

The deep injection well and associated pumps and controls would be constructed on PLS property.
Access to public and private property would be needed for construction and maintenance of recovery
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